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Variovorax paradoxus strain EPS has an interesting 
extra mucoidy phenotype. A transposon mutagenesis knockout 
library was constructed in order to find the source of this 
odd phenotype. The mutants were screened using a standard 
biofilm assay and subsequently screened for their swarming 
ability. A wide variety of mutants were isolated including 
knockouts within epimerases, histadine kinase receptors, 
pillus formation genes, the universal regulator Tetr, 
capsule formation genes, and other genes potentially 
involved with biofilm formation. It was found that a 
mutant within the FtfbpJ-like glycosyl transferase had an 
increased biofilm production ability and a decreased 
swarming motility. This phenotype could be complemented 
using the wild type gene expressed in trans, with biofilm 
and swarming abilities restored to nearly wild type levels. 
The complementation of this gene shows the validity of the 
screen in finding mutants within these two phenotypes.
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A common feature of environmental microbes is growth 
within an extracellular matrix composed of different 
compounds which is commonly referred to as a biofilm. The 
bacteria that live within the biofilm have given up their 
motility in order to build the biofilm matrix. This matrix 
also offers many different benefits including allowing the 
bacteria to maximize resource accumulation from the 
surrounding environment. However biofilm formation comes 
at a price, it requires to bacteria to contribute a huge 
amount of cellular resources, including many different 
organic molecules and devote much of its cellular 
machinery, to creating the biofilm (Davey, 2000; Li et al , 
2001; O'Toole, 2003; Sutherland, 2001(2)). Within a 
natural biofilm, it is common to find multiple species of 
microorganisms living cooperatively (Lawrence 2004; 
Watnick, 2000) . Biofilms are an extremely complex 
structure, formed by the interaction of many different 
subunits and bacteria working within this matrix.
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Growth in a biofilm provides significant benefits to 
its microbial members. Clinically relevant microbes have 
been shown to gain antimicrobial resistance and host 
defense avoidance by forming a biofilm (Donlan, 2002; 
Lewis, 2001). The antimicrobials may be repelled by the 
slight negative charge found on the biofilm (Donlan, 2002; 
Lewis, 2001) or resistance may be due to the fact that the 
biofilm acting as a filter, allowing only certain molecules 
to diffuse in (Lewis, 2001). Escherichia coli have been 
shown to install antimicrobial pumps within their outer 
biofilm layer in order to purge the compounds from the 
biofilm (Lewis, 2001). Studies of environmentally 
revelevant microbes demonstrate that biofilms help prevent 
desiccation and form a microsite that the various different 
microbes living within them can exploit (Davey, 2000; 
O'Toole, 2003). The biofilm is a dynamic structure that 
has many microenvironments with different properties, such 
as lower oxygen levels, different carbon components, and 
solubilized nitrogen concentrations which can thus support 
a wide array of microbes (Davey, 2000). Within the 
biofilm, a community of microbes is able to maximize 
efficiency because some of the members can process the 
waste products into nutrient sources. Some of the bacteria 
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within a biofilm may fix inorganic chemicals and exchange 
them with other bacteria in the biofilm (O'Toole, 2003). 
The environmental microbe can maneuver to a microsite where 
there are the sufficient amounts of carbon and nitrogen are 
present and then can affix itself to almost any surface, in 
order to use these resources to grow (Dunne, 2002). It has 
also been shown that the biofilm can act as a conduit for 
the flow of genes between its constituent members, allowing 
them to transfer plasmids that will aid their growth within 
the biofilm (Ka, 1994). A biofilm's adaptability to form 
in many different conditions and host an array of different 
microbes is partly determined by the different components 
found within it.
While the exact composition of a biofilm differs 
depending upon the microorganisms that inhabit it, there 
are some common components that have been seen in many of 
the biofilms that have been studied. It remains to be seen 
which of these parts is the most important in forming a 
biofilm because they are all necessary for the structure to 
function properly. Adding to the overall complexity, the 
exact structure and composition of the biofilm may change 
depending upon the needs of the bacteria found in the 
biofilm and the stage of growth that they are in. One 
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biomolecule that is found within most, if not all, of the 
biofilms studied is an exopolysaccharide (Sutherland, 
2001(1)). The exact sugar composition the 
exopolysaccharide will vary from species to species, but 
galactose, glucose, glucosamine, rhamnose and xylose are 
often present in the highest amounts (Kim et al, 1999). 
These sugars are excreted through a complex transport 
mechanism found in the membrane of the bacteria. The 
exopolysaccharide matrix provides a water absorptive layer 
to retain water as well a diffusion barrier against 
potentially harmful chemicals, such as antimicrobials and 
heavy metals. The biofilm is not a solid structure, but 
rather it contains channels and water pockets that can 
serve as pathways for bacterial waste products or even 
cellular communication compounds, such as acyl homoserine 
lactones (De Kievit et al, 2001; Leadbetter, 2000; Li, 
2002). Sugars found within the biofilms can also be 
modified to contain affixed amino acids (Li, 2001; O'Toole, 
2000; Rocchetta, 1999). Recently, it has been shown that 
the sugars are usually neutral or anionic, which can 
determine the charge within the biofilm and create a 
barrier to some molecules (O'Toole, 2003). Some excreted 
proteins form a type of scaffolding framework onto which
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the biofilm can be built, while still others are enzymes 
that aid in extracellular digestion and nutrient 
acclimation (O'Toole, 2003). Surprisingly, another common 
component of microbial biofilms is DNA (O'Toole, 2003). 
There are many roles that this molecule has been 
hypothesized to play, whether it is being exchanged between 
the various members of the biofilm or if it part of the 
framework is still being researched (Davey, 2000; Hoiby, 
2001; O'Toole, 2003). Along with nucleic acids, proteins 
and exopolysaccharides, multiple studies have discovered 
the prevalence of lipids as a constituent part of the 
biofilm matrix. The lipid biomolecules are usually found 
combined with some type of sugar, and form a protective 
outer surface to the biofilm, helping it to resist 
desiccation (O'Toole, 2003). Interestingly, Pseudomonas 
aeruginosa biofilms contain a high level of lipids near the 
edge of the biofilm, which resembles a phospholipid bilayer 
commonly seen in cell membranes (Hoiby, 2001).
Creation of a Biofilm
The process of building a biofilm is very complex and 
involves a huge commitment of energy for the bacteria to 
transition free floating to an attached state. The first 
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step in biofilm formation is the attachment of free- 
floating bacteria cells to a substrate. This can involve 
anchoring via exopolysaccharides like in Eschericia coll, 
or pili as seen in P. aeruginosa (Davey, 2000; Wang, 2004). 
Pseudomonas fluorescens uses extracellular proteins as well 
as membrane spanning proteins to attach to a given surface 
(Dunne, 2002; O'Toole, 2001). Some pathogenic, or 
symbiotic, bacteria found in the guts of animals can also 
use the animal's receptor proteins as the point of 
attachment for the biofilm (Dunne, 2002). Plant associated 
bacteria will use cellulose as their main 
attachment/anchorage (Davey, 2000). Bacteria must express 
cell surface proteins in order to attach to theses 
molecules within the host plant or animal. After the 
initial attachment several processes begin. By the time 
the cells have divided and formed a monolayer over the 
surface of the substrate, they will have already begun 
excreting the exopolysaccharides and begun to form the 
complex extracellular matrix which will contain many layers 
of bacteria. Proteins and DNA excreted from cell form the 
framework that will impart the biofilm its high degree of 
organization and differentiation. The three dimensional 
biofilm structure is highly complex and each microsite
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within the scaffold serves a purpose, such as carbon 
sequestration or nitrogen fixation (O'Toole, 2003; 
Sutherland, 2001(1)). If the conditions change in the 
surrounding environment, the biofilm can release planktonic 
or free-floating cells from the surface of the biofilm 
which can then migrate into different areas in search of 
more nutrients (Davey, 2000; Sutherland, 2001(1)). All of 
these different biomolecules help the bacteria to form the 
complex structure of a biofilm and each is important to the 
function of the bacteria contained within the biofilm.
Biological Importance of Biofilms
It has been observed that the biofilm phenotype is 
common to many different species of bacteria, making it 
beneficial to understand the complex machinery that is 
responsible for creating this structure (O'Toole, 2003). 
Biofilms are especially important in understanding 
pathogens, since they increase antibiotic resistance and 
the ability to help deflect host immune response. Greater 
understanding could help to develop antimicrobials that 
work in conjunction with chemicals that destabilize the 
biofilms.
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Biofilms also have a huge impact on industrial 
settings. There are many studies about the effects that 
biofilms have on industrial liquid processing (Rogers, 
1994; Whittaker, 1984; Walker, 2000). Biofilms can stick 
to almost any surface, and once established they are 
difficult to remove. This results in huge losses in both 
time and product for 'the manufacturers, as well as major 
cleanup concerns.
Cellular Biology of Biofilm Components
Bacterial biofilm synthesis requires a large amount of 
cellular resources along with the regulate expression of 
multiple different biosynthetic pathways (Wang, 2004). An 
extremely important type of protein involved in several 
aspects of biofilm formation is the glycosyl transferase. 
Glycosyl transferases add sugars onto the end of different 
compounds, such as lipids or amino acid chains, depending 
on the exact type of glycosyl transferase. A specific 
subclass of glycosyl transferase, Gtf3r was found to play a 
significant role in Mycobacterium biofilm formation, due to 
its ability to glycosylate lipids (Deshayes, 2005). The 
gene encoding this enzyme was also found to be within the 
operon involved in rhamnose biosynthesis (Deshayes, 2005).
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There are different subclasses of the glycosyl 
transferases, such as capsular glycosyl transferases which 
are responsible for the modification of proteins to have a 
sugar chain bound to the extracellular end (Davey, 2006). 
The loss of capsule synthesis related glycosyl transferase 
PG0106, a putative UDP-N-acetylglucosamine 
aminotransferase, resulted in an increased level of biofilm 
formation, indicating that in Porphyromonas gingivalis the 
capsule is important in avoiding host detection, by 
providing a buffer zone between the bacteria's proteins and 
a host's immune cells, but less so in biofilm formation or 
that there are different glycosyl transferases involved in 
capsule versus biofilm formation within this microorganism 
(Davey, 2006). There are also specific classes of glycosyl 
transferases such as the glucosyltransferase Gtf. This 
sugar transferase has been linked to altered biofilm 
formation within Streptococcus mutans (Yamashita, 1993). 
Specifically, defects or alterations within the Gtf gene 
lead to a reduced amount of biofilm formation onto dental 
surfaces as well as a less robust and thinner biofilm 
(Yamashita, 1993). A commonly studied opportunistic 
pathogen, Pseudomonas aeruginosa, has multiple glycosyl 
transferases within its genome, indicating its importance 
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and use for more than one job in the cell (Stover, 2000). 
Some of these products will need to be exported out of the 
bacterial cell in order to aid in adhesion and matrix 
formation.
The complexity of the biofilm's many biomolecule 
components will undoubtedly lead to more discoveries about 
the various excretion systems that are used by the bacteria 
to transport the compounds outside of the cell. Some of 
the generalized transport pathways are already known and 
appear to be responsible for transporting many of the 
different biofilm components. The primary pathway for many 
gram negative bacteria to transport proteins out into the 
periplasm is the GEP, or general export pathway 
(Krehenbrink, 2008). The proteins being exported have a 
portion of their N terminus acting as a signal peptide 
(Krehenbrink, 2008). Other secreted compounds such as the 
DNA and lipopolysaccharides will require specialized 
proteins found within the membrane to facilitate transport 
out to the extracellular space (O'Toole, 2003).
Spreader Genes and Surfactants
The biofilm is by no means a static structure. 
Established biofilms may expand or spread depending on 
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nutrient availability, microbes present within the 
microsphere and environmental signals. The process of 
detecting these external factors involves a whole host of 
primary and secondary signals as well as the cellular 
machinery to regulate the bacteria's gene expression 
(O'Toole, 2003). For an example, several different genes 
are up regulated during biofilm expansion in order to 
produce surfactants and motility related structures. In 
order to expand the biofilm, bacteria can excrete lipid 
based compounds that help the bacteria move over surfaces 
(Pamp, 2007). Before the new section of the biofilm is 
formed however, the bacteria must be in a nutrient rich 
environment which may require the use of a motile bacterial 
phenotype.
Swarming Motility
Swarming motility represents a means for bacteria to 
get to new, nutrient rich environments. Once within the 
new area the bacteria can then produce the biofilm matrix 
in order to help them maximize resource gathering and 
replication within this new microsphere. Swarming motility 
has been studied in many different papers as a complex 
surface phenotype. This phenotype involves movement of 
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bacteria via flagella and surfactant excretion over a 
semisolid media (Chen, 2007; Inoue, 2007) . The bacteria 
use a surfactant, such as a rhamnolipid or other small 
sugar lipid complexes, to ease the movement over the 
surface of the media (Chen, 2007; Ciazza, 2007). The major 
driving force behind bacterial movement is flagellar 
locomotion (Deziel, 2001; Mireles, 2001). There are a 
number of factors that can affect a bacteria's ability to 
move over a surface, which are just starting to be 
understood.
The swarming motility phenotype is a result of a 
variety of proteins working together. All of the genes 
involved in swarming have not yet been discovered or 
characterized, but there are some major genes, operons and 
cellular mechanisms that have been shown to be important. 
A recent paper studied the effects of di-guanylate cyclase, 
responsible for flagellar reversals and exopolysaccharide 
synthesis, in P. aeruginosa on the swarming (Merritt, 
2007). They reported that SadC, a di-guanylate cyclase 
protein, mutants would swarm at significantly higher 
distances than the wild type and that complementation of 
the deficient gene would at least partially rescue the 
phenotype (Merritt, 2007). A study in Pseudomonas found
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that the swarming phenotype was a complex adaptation that 
included quorum sensing, flagellar production, virulence 
factor production as well as a whole host of extracellular 
proteins and excretory systems (Overhage, 2008). Mutations 
within the surfactant production of lipopolysaccharides in 
Salmonella have shown that mutants with altered swarming 
motility will have altered biofilm formation (Mireleas, 
2001). The mutants with decreased swarming formed much 
more robust biofilms as compared to the wild type 
(Mireleas, 2001) . Another study involving P. aeruginosa, 
has shown that there is an inverse relationship between 
biofilm production and swarming motility (Caiazza, 2007). 
They saw that mutants within genes involved in early steps 
in biofilm establishment resulted in increase swarming 
motility (Caiazza, 2007).
Chemical Communications within a Biofilm
A common feature of the biofilm lifestyle is the 
ability to have chemical communication between the various 
members of the biofilm. Signaling is a logical requirement 
for forming a biofilm because the cells must signal each 
other to begin switching from the motile to the nonmotile 
phenotype. Also, biofilms are not permanent, so cell to 
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cell signaling could be the way for the bacteria to 
determine to return to the motile form (Boles, 2008)
Variovorax paradoxus
Microbial soil communities all over the Earth usually 
share certain common bacteria that can be found within 
similar climates and elevations. Variovorax paradoxus is a 
Gram negative aerobe that is commonly found in genomic 
studies of various soil samples, oceanic samples, river 
biocommunities, as well as in the mixed species biofilms 
found in each of these environments (Abou-Shanab, 2007; 
Lawrence, 2004; Wang, 2006). The fact that it is so 
widespread and can be found in so many different 
environments makes it ideal for genomic studies, due to the 
fact it is readily available and plays many important roles 
within the ecosystems.
One of the most significant properties of V. paradoxus 
is its ability to use many different carbon sources. While 
most bacteria must have some flexibility when it comes to 
carbon sources in order to survive, V. paradoxus has been 
found thriving on some highly unlikely material such as 
pesticides, MTBE and various petroleum byproducts ( Devers, 
2006; Zaitsez, 2006) . A strain of V". paradoxus was one of 
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the microbes isolated when enriching for degradation of 
various petroleum products, including jet fuel (Zaitsez, 
2006). Methyl tert-butyl ether (MTBE), a common additive 
to gasoline in order to boost the octane, is unfortunately 
another waste product that can find its way into the 
environment, either as a result of gasoline combustion or 
accidental dumping. Variovorax paradoxus was one of only 
three species that were identified as degraders of MTBE in 
a study of common soil microorganisms (Zaitsev, 2006). A 
strain of V. paradoxus has been seen to develop or modify a 
plasmid for the use of atrazine, a commonly used herbicide, 
as a source of energy (Devers, 2006). Indeed, another 
study that looked at bacteria growing in close association 
with herbicide and pesticide contaminated soil identified 
V. paradoxus with up to 6 different plasmids encoding genes 
for the degradation of these various poisons (Don, 1981). 
A strain of V. paradoxus has been shown to survive solely 
on acyl-homoserine lactones, a common bacterial 
communication signal for proteobacteria, using the signal 
for its nitrogen, energy, and carbon source (Leadbetter, 
2000). It is surprising that V. paradoxus has already 
evolved the capacity to use these fairly recent carbon 
sources, jet fuel, herbicides and gasoline additives. Many 
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of these unique abilities are coded for by genes found on 
plasmids within V. paradoxus (Don, 1981). In order for a 
bacteria to thrive within such harsh conditions, confronted 
by many potenetial toxins, it is crucial that the bacteria 
be able to from significant biofilms with robust surface 
attachments (Dunne, 2002).
The most significant potential value for V. paradoxus 
may be its use in cleanup and bioremediation efforts.
Since V. paradoxus is fairly ubiquitous within the soil 
microbe community, this may mean that adding these strains 
shown to degrade the contaminants would have less of an 
impact than the contaminants themselves, of course more 
study would be required to assess the impact of this 
statement. Bioremediation offers the ability to use 
microorganisms to eliminate contaminants and is considered 
less invasive then the physical removal and cleaning of the 
upper contaminated soil (Robles-Gonzalez, 2008). V. 
paradoxus has already been shown to be able to grow in 
places thought uninhabitable, such as mine water runoff and 
petroleum contaminated swampland (Zaitsez, 2006; Lawrence, 
2004). The biofilm lifestyle, granting tolerances to heavy 
metals and other potential bacteriocidal compounds, seems a 
logical contributing reason for this ability to tolerate 
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such harsh conditions. V. paradoxus also has the ability 
to help spread the plasmids that are responsible for the 
petroleum degradation and other beneficial genes, which 
could potentially help to restore the local microbial 
community after a spill or other contamination.
V. paradoxus EPS
Our laboratory cultivated a strain of V. paradoxus 
from the Land Lab at CSUSB which we named ExoPolySaccharide 
(EPS) due to its mucoid appearance. We hope that through 
future research that may include studies into its lipase 
formation ability as well as the role of cell signaling 
within this phenotype, we can establish V. paradoxus as a 
genetically tractable lab strain, with many different 
avenues of research. This genetic tractability has already 
been seen in previous studies of a V. paradoxus species in 
its ability to maintain various broad host range plasmids 
as well as being able to take up DNA from the surrounding 
environment or from other members in the biofilm (Devers, 
2007; Don, 1981; Ka, 1994) A key property to our research 
strain is that it forms a large amount of biofilm, which 
may include one or more of the constituent components, when 
grown on a variety of different low nutrient media. The 
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exact composition of this thick, mucoidy layer is as of yet 
still unknown. It is conceivable that the reason that this 
EPS strain looks so much different from other laboratory 
strains of V. paradoxus, such as VAI-C, is that it is 
overproducing one, or more, of the structural biomolecule 
components within the biofilm. It could also be that the 
regulation of this production has been significantly 
altered. My main research goal is to examine the genetic 
underpinnings of this mucoid phenotype, and its connection 
both the swarming and biofilm phenotype.
Genetics of V. paradoxus
V. paradoxus acts as a conduit within the microbial 
community for the passage of extra genomic elements such as 
plasmids. It has been shown to readily take up DNA both 
through conjugation as well as absorbing extracellular DNA 
(Ka, 1994). This can result in a transfer of these genes 
to a wide range of different microbes. This ability to 
obtain and distribute extra-genomic DNA, is not limited to 
just antibiotic resistances but can also include genes 
encoding for the degradation of the wide variety of carbon 
sources V. paradoxus can live on (Don, 1981). In a recent 
study, the heavy metal resistance genes found in the V.
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paradoxus strain were similar with the ones found in 
Arthrobacter, Microbacterium, and Rhizobium, all found in a 
closely associated community and indicating a sharing of 
genomic information (Abou-Shanab, 2007).
Adaptation of Biofilm Analysis Techniques
In order to study bacterial biofilms it is necessary 
to produce a suitable and sustainable laboratory 
environment in which bacterial biofilms can readily thrive. 
Creating an environment that mimics the ones in which 
bacteria produce biofilms within the environment can be a 
challenge. The most frequently employed techniques can be 
broken down into two broad categories; flow cells and 
static chambers (Davey, 2006; Deshayes, 2005; Motegi, 2006; 
O'Toole, 1999). Flow cells attempt to recreate the 
conditions in which many biofilms thrive, growth under a 
steady flow. This model recreates the properties found 
within streams or other moving bodies of water. The 
bacteria are introduced into either a large chamber or a 
small cell and are given time to establish the basis of the 
biofilm (Motegi, 2006). Once the bacteria have attached to 
the surface, usually either plastic or glass, the flow of 
sterile media is started (Motegi, 2006). This is useful 
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for visualizing the structure of the biofilm and its 
overall layout, but does not lend itself well to comparison 
studies because it is difficult to do an quantitiave 
analysis of these chambers. A second technique is to grow 
bacteria within tubes that do not have a constant input of 
new media. The static technique uses bacteria which are 
grown within wells of a microtiter dish or test tubes 
(Davey, 2006; Deshayes, 2005; O'Toole, 1999). The relative 
amounts of biofilm produced can then easily be compared 
between many different samples. Static chambers are easier 
to handle within the laboratory environment and allow 
higher throughput analysis than the flow cells.
Our main procedure for determining relative biofilm 
levels was adapted from a technique used to analyze biofilm 
levels in Pseudomonas (O'Toole, 1999). A general overview 
of the procedure involves using broth cultures to establish 
biofilm growth within a 96 well microtiter plate. Once the 
bacterial cells have grown into biofilms, the planktonic 
cells are washed away, and the cells remaining are stained 
with crystal violet (O'Toole, 1999). The absorbance can 
then be measured and a comparison done between many 
different samples. This technique has a high adaptability 
potential as well as a high throughput potential. The 
20
crystal violet will only bind to bacteria that are in the 
biofilm, since all of the planktonic cells have been washed 
away. The amount of crystal violet yields a relative level 
of bacterial cells within the biofilm, which can then be 
compared to the wild type, or another experimental 
standard. If the biofilm is not able to properly develop, 
because one or more of its components are missing, then the 
number of bacteria inhabiting this weakened biofilm will be 
less then the wild type culture.
The qualitative comparison of colony morphology can be 
used as a precursor to a more quantitative method of 
crystal violet absorbance in order to screen a mutant 
library for potential biofilm formation alterations. Part 
of the mutant isolation technique adapted for this study is 
based upon the observation that when grown on nutrient 
plates, colonies with different morphology will often show 
different levels of biofilm formation (Kiristis, 2005) .
The idea behind this is that colonies are small 
representations of the communities bacteria will form, the 
morphology of these colonies will change if the bacteria 
have an altered ability to form one or more of the biofilm 
components. This has been seen in reverse in a study of 
Pseudomonas biofilms (Kiristis, 2005). In that study, 
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cells found in different parts of the biofilm were compared 
to the motile type on the basis of colony morphology.
While the biofilm members did have variation between 
different samples, they were notably different from the 
wild type colonies (Kiristis, 2005). This and other 
studies suggest that bacteria making altered amounts of one 
or more of 'the biofilm components will appear different 
from the wild type when its colony morphology is compared 
to the wildtype (Cheung, 2006). Another study of 
Psuedomonas discovered that mutants with smooth, 
nonspreading colony morphology have a tendency to aggregate 
when grown in a liquid media and also have a lack of an 
organized biofilm structure (D'Argenio, 2002) . More 
information linking colony morphology to biofilm production 
was found in studying a phenotypic conversion of Listeria. 
Listeria has been shown to form rough colonies, which when 
isolated have significantly different biofilm formation 
properties that the smooth colonies, due to a change in 
expression of the exopolysaccharides (Monk, 2004). While a 
qualitative method, such as colony morphology, is useful 
for identifying mutants of interest, a more quantitative 
approach, such as using the absorbance of crystal violet 
into established biofilms, will be necessary to prove
22
significance in order to obtain verify mutants that are 
worth pursuing. Those that have the repeatable, 
quantifiable significance would be considered good targets 
to further study into the cellular machinery that causes 
the altered phenotype.
Mutant Generation and Complementation Analysis
Current biofilm research involves an array of 
techniques utilized to interrupt different genes and find 
these genes effects on the biofilm phenotype. Within 
bacteria that have been completely sequenced and are used 
as models of biofilm formation, it is a widely accepted 
technique to utilize single nucleotide mutations induced 
through radiation or chemical means (Davey, 2006; O'Toole, 
2003). Since these organisms and their corresponding genes 
have already been sequenced it is possible to compare the 
mutants with the wildtype and discover the change. Another 
technique that has been used for biofilm discoveries is 
transposon mutagenesis. Transposons are mobile elements of 
DNA that can be induced to move from their current 
location, usually found on a plasmid, into a new location, 
somewhere within the bacterial genome (DeShazer et al, 
1997; Pamp, 2007; Wang, 2004). Many labs have established
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mutant libraries that can be selected for based on the 
marker found within the transposon and then tested for 
altered biofilm levels (Wang, 2004). Some of the 
transposons have the ability to do rescue cloning, due to 
the inclusion of E. coli origins of replication within the 
transposon (DeShazer et al, 1997). This technique involves 
digestion of the genomic DNA the transposon is inserted 
into, recirculization, and transformation into competent E.
r
coli. These are selected for the plasmids containing the 
transposon insertion as well as a segment of the 
experimental organisms DNA, specifically the genes 
surrounding the transposon insertion.
Once a mutant library has been established and mutants 
of interest have been isolated, researchers will commonly 
use complementation analysis to provide more evidence of 
how the gene of interest's functions (Merritt, 2001; 
Mireles, 2007). This procedure involves supplying the 
mutant with a wild type copy of the gene, on a selectable 
plasmid vector containing an intact copy of the gene, and 
have it expressed in trans (Merritt, 2001; Mireles, 2007). 




The formation of biofilms is a complex process that 
involves activation of a wide array of genetic material 
within the cells found living within the biofilm. It has 
been shown that altered colony morphology has been 
associated with different biofilm levels within P. 
aureginosa (Kirisits, 2005). By identifying colony 
morphology mutants, I can then move to biofilm studies to 
obtain quantifiable data. This will then lead me to 
genetic information about the transposon mutants through a 
process called rescue cloning, which helps to identify the 
location of the transposon insertion (DeShazer et al, 
1997). This genetic information will lead to the 
identification of some of the genes used in Variovorax to 
form the biofilm phenotype. I further hypothesize that the 
genes responsible for biofilm formation in V. paradoxus 
strain EPS will have a high degree of sequence homology 
with biofilm formation genes found in related organisms. 
Since biofilm establishment is closely tied to swarming 
motility, I hypothesize that the mutants with altered 
biofilm production capacity will have an altered swarming 
ability as well, and will screen the significant biofilm 
mutants from the transposon mutant library for their 
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ability to swarm of Fresh Water (FW) media. To further 
prove the significance of one gene of interest on the 
biofilm and swarming phenotypes, I have selected the WbpJ- 
like glycosyl transferase as my gene of interest, which was 
interrupted by the transposon within several different 
unique mutants. I will do a complementation analysis by 
supplying a mutant with a wild type copy of the gene, which 
should restore the mutant's ability to form biofilms. This 
analysis will provide further evidence of the strength of 
the colony morphology screen to isolate mutants with 




Isolation of Sample from Soil
Samples were taken from the hills behind California 
State University San Bernardino were stored in 50 mL tubes 
at 4°C until they were needed. In order to isolate 
different colonies of bacteria, the soil samples were 
diluted one part soil in ten parts sterile water. This 
dilution was plated, in 100 ]1L aliquots, onto minimal media 
plates 50mg/mL Yeast extract. Plates were then screened 
for microorganisms displaying odd colony morphology. After 
identification of a mutant with excess mucoid phenotype, 
dubbed EPS, the culture was maintained on YE agar plates 
(5g/L) and grown at 30°C. The species was determined to be 
V. paradoxus via biochemical tests as well as 16s 
sequencing using the primers 27F and 1492-R (Table 1).
Antibiotic Testing
In order to determine which antimicrobials could be 
used for genetic manipulation experiments, the standard 
Kirby Bauer antimicrobial sensitivity test was done on YE 
agar (5 g/L), to test a wide array of commonly obtained 
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antimicrobials. The antimicrobials used were Gentamicin, 
Tetracycline, Kanamycin, Chloramphenicol, and Streptomycin. 
Additionally Tetracycline and Kanamycin were studied 
further using transformed V. paradoxus EPS with either 
pBBRlMCS3 (Tetr) and pBBRMCSb (Kanr) . YE agar plates with 
dilutions down from 100 pg/mL Tetracycline were tested to 
determine the minimum inhibitory concentration. The same 
was performed for Kanamycin using serial dilutions from 200 
pg/mL into YE agar plates. Serial dilutions of 
Tetracycline from YE broth with 100 pg/mL were inoculated 
with either wild type EPS or the transformed mutant to find 
the minimum inhibitory concentration. A similar experiment 
was performed using YE broth supplemented with 100 pg/mL 
Kanamycin to find its minimum inhibitory concentration.
Transposon Mutagenesis via Conjugation
An easy method for introducing genetic material into 
V. paradoxus was determined to be possible via bacterial 
conjugation. The recipient strain (V. paradoxus EPS) was 
grown for 2 days at 30 °C in YT broth in order to obtain a 
large number of cells. The donor (E coll S17-1), 
containing the plasmid pOT182, which had the Tn5 transposon 
(Figure 1), were grown in LB broth containing gentamycin, 
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which selects for stable replication of the plasmid within 
the donor strain. These strains were then combined, 100 pL 
each into 3 mL of lOmM MgSC>4 (which helps to promote 
conjugation). They were then placed onto a nitrocellulose 
membrane via vacuum filtration. The filters were grown, 
bacteria side up, on a YT (5 g/L YE and 10 g/L Tryptone) 
plate supplemented with 10 mM MgSO4. These were incubated 
at 30 °C for up to 18h. The filter was then removed and 
washed with a 0.85% saline solution to dislodge the 
bacteria. They were then plated onto M9 minimal media with 
glucose and 25 pg/mL tetracycline added (minimal media used 
because the donor E. coli are deficient for amino acids and 
therefore should not grow on this media). The transposon 
contains a tetracycline resistance gene, so mutants that 
showed a resistance to tetracycline were assumed to contain 
a transposon insertion.
Preservation of Library
After conjugation had occurred the mutants were 
scraped from the M9 + 20% glucose +25 pg/mL tetracycline 
plates using 0.9% saline solution added to each plate. The 
colonies were suspended in this wash and then all of the 
washes from the different plates were combined to form a
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homogeneous mixture of mutants. They are preserved in the 
-80°C freezer with 15% glycerol. To resolubilize these 
scrapings for use, they were defrosted, and 100 uL of 
undiluted sample was diluted to IO-7 and plated onto 50% YE 
plates.
Isolation of Colony Morphology Mutants
Mutants were grown on 2.5 g/L YE plates and ones with 
unusual colony morphology compared to wild-type V. 
paradoxus EPS were selected for further study. The criteria 
for selection included uneven colony concentration 
(bacteria concentrated to one area of the colony with one 
or more thin outbranches referred to as egg), rough edges 
(wrinkled, uneven edges not forming the typical circular 
colony), tendrils (colonies had lines of increased 
bacterial concentration within the colony borders), thin 
spreaders (thin, increased mucoidy edges or larger area of 
potential EPS coverage), or thin edges (assisted by Dr.
Paul Orwin, using light microscopy 40x magnification to see 
if the edges had significant decrease in the mucoidy 
potential EPS border at the edge of the colony).
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Determination of Nutrient Media Concentration
Biofilm plate experiments using YT, YE, and 50% YE 
were done in 96 well plates. The cells were grown for 24h, 
and the levels of biofilms measured using crystal violet 
staining. The criteria was to see which media type 
produced the most robust and consistent biofilms.
Biofilm Growth Plates
My method of determining relative biofilm production 
levels, to see if EPS was producing more biofilm components 
as theorized, was adapted from a commonly used procedure 
used to determine biofilm amounts in Psuedomonas (O'Toole, 
1999). V. paradoxus cultures were grown overnight in the 
nutrient level being tested (typically 50% YE (2.5g/L)) and 
then diluted 1:20 with fresh 50% YE. These were then 
placed into 96 well plates. The wells at the outer edge of 
the plate were filled with 200uL sterile distilled water to 
avoid dehydration. Each sample was plated in 
quadruplicate. Each plate also contained an internal 
control of a section of wild type EPS (diluted again 1:20 
in 50% YE from an overnight culture). Later experiments 
were modified to include another set of plates in which the 
media was exchanged after 24h and the plate was allowed to
31
grow for a total of 48h. They were grown at 30 °C for two
different time points, one for 24h, the other for 48h after
the media replacement at 24h. The plates were then removed
and washed with water (twice) in order to remove the cells
not embedded in the biofilms. The wells were then filled
with 250 pL of a 1% crystal violet solution. This was left
at room temperature for 15 minutes in order to give the
crystal violet time to bind with the cell walls. Excess
crystal violet was removed by vigorous rinsing. The
washing step was repeated three times in order to ensure
all crystal violet not contained within the cells 
removed. These were left overnight to completely 
was
dry. The
following day, the crystal violet was resolubilized with 
250 pL 95% ethanol. A sample of 125 pL of the 
resolubilized crystal violet solution was then removed and 
placed into a fresh flat-bottom 96 well plate, which was 
then read at OD 595nm in a pQuant spectrophotometer. These 
values were then averaged for each mutant and the mutants 
differing significantly (using the Student's unpaired t 
test) from the wildtype EPS in the amount of biofilm 
produced were marked for further analysis. The 
significance values used for determining mutants that 
should be pursued with further study were p values of p<
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0.001 for increased biofilm formation and p<0.05 for 
decreased biofilm. The experiment was repeated for the 
significant mutants to verify the phenotype observed.
PCR Verification of Insert
PCR verification of the transposon insertion was 
obtained by using the primers designed from the tetR and 
tetA genes (Table 1). Verification that the plasmid was 
not inserted was done by using the primers OT1821eft and 
OT182right that were developed from an internal region of 
the plasmid not in the transposon or in a gene (Table 1).
Rescue Cloning
As both a verification of the transposon insertion as 
well as a means of getting the genomic DNA flanking the 
transposon insertion site, rescue cloning was performed. 
The Tn5 transposon contains, in addition to a tetracycline 
resistance gene, an E. coli origin of replication (ori) 
(Figure 1). This property of the Tn5 transposon allows 
rescue cloning to be a means of verifying insertion of the 
transposon. The genomic DNA of the V. paradoxus mutants 
was extracted using the Wizard Genomic Purification Kit and 
digested using either EcoRI or HinDIII restriction enzymes.
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This digest cuts inside of the transposon sequence while 
still maintaining the ori and tetR genes, as well as 
cutting further into the V. paradoxus genome. T4 ligase 
was then added to the digestions in order to circularize 
the products. These were transformed into chemically 
competent FA5a or EC100 (from Fisher) and plated onto LB 
plus 25 pg/mL tetracycline. The E. coli that grew on the 
plates would now have a plasmid with part of the transposon 
and part of the V. paradoxus genome (including a partial 
sequence of the gene interrupted by the transposon).
Sequencing
Sequencing of the 16s gene, in order to verify the 
identity of the EPS strain, was accomplished by using 
primers to PCR amplify the desired region. They were then 
transformed into pGEM-T plasmids. The forward and reverse 
sequences were obtained using a LiCor 4300 DNA Analyzer, 
M13 primers and materials from Dr. Anthony Metcalf's Lab. 
All other sequencing was completed at San Diego State 
University. The sequencing primers to amplify the region 
captured during rescue cloning were created using sections 
of the transposon are erc2 for the EcoRI digested rescue 
clone and Hindi and Hgal for the HinDIII rescue clones
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(Table 1). Further sequencing to obtain the entire wbpJ~ 
like glycosyl transferase sequence as well as the 
surrounding DNA was accomplished using the primers 
EpiWalkSafe and CtermWalkSafe (Table 1).
Electroporation
A procedure for successful introduction of genetic 
material via electroporation was adapted from the Smith 
protocol for Pseudomonas and modified to work with V. 
paradoxus EPS strain (Smith 1989). Bacteria were grown to 
log phase of growth (OD595 =0.4). Cultures were grown in 
500 mL of either 5 g/L Yeast Extract or 5 g/L Yeast Extract 
10 g/L Tryptone broth, then placed at 4 °C for 48 hours. 
The cultures had a tendency to settle to the bottom of the 
nutrient media, so upon removal from the fridge they were 
resuspended. The cuvettes used for this electroporation 
procedure had a 0.2 mm gap and must be chilled on ice 
before the procedure was attempted. After electroporation 
at 1800 volts, 5 g/L Yeast Extract media was added and the 
cells were allowed to grow at 30 °C for approximately 2 
hours. The cells were then be plated onto appropriate 
selective media.
35
Swarming Motility Screen of Sequenced Mutants
Variovorax mutants that were previously determined to 
have significantly altered biofilm phenotypes were screened 
for swarming diameter on Fresh water (FW) plates, a defined 
minimal medium (Leadbetter, 2000). This was to determine 
the relationship between biofilm formation and swarming 
motility. The FW plates had. 0.02% glucose as the carbon 
source and NH4CI as the nitrogen source supplemented with 
0.1% case amino acids (CAA). The bacteria were grown 
overnight in 2.5 g/L YE and 5 pL of the overnight culture 
was plated onto FW media plates and grown at 30°C. The 
bacteria were observed every 12h for 72h. The diameter of 
the colonies was measured and photographs were taken, both 
of the overall colony structure using a Fuj iFilm FinePix 
S5700. Micrographs of colony's swarming edge using phase 
contrast on lOOx magnification were captured using Zeiss 
Axioplan2, CoolSnapFX and ImageProExpress. The analysis of 
the colony swarming distance was done at two time points 
24h and 48h, using the Student's Unpaired Ttest to 
determine mutants that were significantly different from 
the wild type (p value of p<0.05).
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Construction of Wild Type Gene Replacement
In order to verify the role of the WbpJ-like glycosyl 
transferase gene within biofilm formation and swarming 
motility, a complementation analysis was performed. For 
complementation analysis a WT copy of the glycosyl 
transferase gene was amplified using PCR and the NtermExt 
and CtermExt primers (Table 1). These primers produce a 
2.1 kb fragment that includes the WbpJ-like glycosyl 
transferase gene and 470 bp of flanking DNA on either side 
of the gene. This was transformed into pGEM T-easy vector 
and selected using Amp resistance. This pMJPl plasmid was 
extracted from a white colony, digested using Apal and SacI 
and the fragment size verified by agarose gel. The 
pBBRlMCS2 (Kanr) vector was also digested using Apal and 
SacI. The linearized plasmid was extracted from a gel. 
The linearized pBBRlMCS2 (Kanr) plasmid and the wild type 
WbpJ-like glycosyl transferase gene with flanking regions 
were ligated ON and transformed into E. coli selected for 
using the Kan resistance. This plasmid construct of 
pBBRlMCS2 (Kanr) plus the wild type WbpJ-like glycosyl 
transferase was extracted and preserved as pMJP2. The 
construct was confirmed by restriction enzyme digestion 
with Ncol and SacI.
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Transformation of Strains for Complementation Analysis
The complementation plasmids were electorporated into 
various strains of V. paradoxus in order to obtain mutants 
to analyze. An overnight culture of EPS wild type was 
grown in 50% YE broth. The cells were prepared for 
electroporation as described previously. One set of 
electrocompetent cells was electroporated with the 
pBBRlMCS2 (Kanr) vector. Another set of cells was 
electroporated with the pMJP2 plasmid. They were plated 
onto two sets YE agar plates supplemented with 50 pg/mL 
kanamycin to select for mutants containing the plasmid. 
Mutants were selected after 48h of growth and preserved for 
-80°C storage. Verification of plasmid presence was 
obtained by using the Wizard MiniPrep Kit. The plasmids 
extractions were digested overnight with Apal, to linearize 
the plasmid, and run out on a 0.7% agarose gel. The sizes 
were compared with the original, linearized transformation 
plasmids (pBBRlMCS2 (Kanr) and pMJP2) respectively. The 
same procedure was used to produce Mutant 86 strains 
containing the pBBRlMCS-2 (Kanr) or pMJP2.
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Biofilm Testing of WT Replacement
Biofilm testing of the WT gene constructs were done as 
described previously in order to verify the role of the 
WbpJ-like glycosyl transferase with some modifications to 
the experimental controls. The V. paradoxus mutant 86 with 
pMJP2 and wild type with pMJP2 were compared to mutant 86 
with pBBRlMCS2 (Kanr) or wild type with pBBRlMCS2 (Kanr) . 
The cultures were grown overnight in 2.5 g/L YE with 25 
pg/mL Kanamycin then diluted 1:20 into 50% YE with 25 pg/mL 
kan. The mixture was then put into the 96 well plates in 
200 pL aliquots and grown at 30°C for 24h, 48h with no 
media replacement, and 48h with media replacement. The 
wells were then stained with a 1% crystal violet solution, 
rinsed, and left to dry for 24h. The crystal violet was 
resolublized with 95% ethanol and transferred to new flat 
bottom 96 well plates for spectrographic analysis at 595 
nm.
Swarming Motility Testing of WT Replacement
Swarming motility was assessed on both the WT and 
Mutant 86 constructs to help determine the role of WbpJ- 
like glycosyl transferase in swarming motility. The 
bacteria were grown overnight in 2.5g/L YE media with the 
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constructs, including the WT pBBRlMCS2 (Kanr) , Mut86 
pBBRlMCS2 (Kanr) , WT pMJP2, and Mut86 pMJP2, having 25 pg/mL 
Kan added to ensure preservation of the plasmid. These 
overnight cultures were normalized to an OD595 of 1.0 via 
resuspension of pelleted cells in FW media that lacked a 
carbon source. 5pL of the cell resuspension was plated 
onto both FW media plates and FW media plates containing 50 
]ig/mL Kanamycin. They were grown at 30 °C for 4 8h and 
observed every 24h. At each time point a measurement of 
the diameter of the colonies was taken along with a 
photograph of the overall colony structure and a micrograph 
of the swarming edge as seen under lOOx magnification.
Analysis of WbpJ-like Glycosyl Transferase
A comparison of the WbpJ-like glycosyl transferase 
gene with 5 other sequences with the lowest e values in 
BLASTX (indicating possible orthologs or homologs), with 
the secondary requirement of being in organisms that were 
already sequenced, was performed to gain more insight into 
the origin and function of the gene (Altschul et al, 1990). 
In addition to the high homology seen in the BLASTX 
comparison, the organisms also had complete genomes that 
had already been published (Altschul et al, 1990). These 
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organisms chosen were Bordetella pertussis, Chromobacterium 
violaceum, Polaromonas napthalenivorans, Pseudomonas 
aeruginosa, and Sulfurimonas denitrificans. The HMMTOP 
program was used to determine regions of the protein that 
are potential transmembrane regions (Tusnady, 2001). The 
overall protein secondary structure was obtained using 
PSIPRED Protein Structure Prediction Server (McGuffin et 
al, 2000). Using the SignalP servers found on the CBS 
Technical University of Denmarks website (Emanuelsson et 
al, 2007) each of the proteins was screened for potential 
signal peptide location and cleavage sites. Finally, a 
comparative analysis using ProtTest, and MrBayes was done 
to generate a phylogenetic analysis (Abascal et al, 2005, 
Ronquist and Huelsenbeck, 2003). ProTest was run on the 
alignment file generated by ClustalW2 to determine the best 
fit model of evolution (Abascal et al 2005, Larkin et al. 
2007). The alignment matrix used was the blosum62 
(Henikoff and Henikoff, 1992) and the MrBayes program ran 
through 1,000,000 generations, sampling every 1,000 after a 
burn in of 100,000 to build the consensus tree (Ronquist 
and Huelsenbeck, 2003). For comparison purposes, the 16s 
ribosomal DNA was also analyzed. Modeltest was run on the 
alignment file and predicted nst=2 as the best fit model
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(Larkin et al, 2007, Posada and Crandall, 1998). Geneious 
used the MrBayes plug-in to run the DNA data through 
1,100,000 generations, sampling every 200 after a burn in 
of 500 to build the consensus tree (Drummand et al 2006, 
Ronquist and Huelsenbeck, 2003). The trees were displayed 




Verification of Bacterial Identity
The important first step of this project was to 
identify the genus and species of the bacteria we were 
going to be experimenting on. The 16s sequence of the EPS 
strain was shown to have 98% homology with other V. 
paradoxus 16s sequences in GenBank.
Antibiotic Testing
This testing was completed with assistance from Dr.
Orwin and would be used in selecting which antimicrobials 
could be used as selection markers in EPS. EPS showed 
different zones of inhibition with larger ones on LB, 
probably due to EPS not being able to grow as quickly in 
this high salt media. EPS was shown to be resistant to 
Ampicillin and Gentemycin. EPS was shown to be susceptible 
to Tetracyline, Streptomycin, Chloromphenicol, and 
Kanamycin. Furthermore, the concentration needed to 
inhibit wild type growth, but allow transformants 
containing antimicrobial markers were determined for
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Tetracycline and Kanamycin. The concentration of 
tetracycline in 5.0 g/L YE agar plates must be at least 50 
pg/mL tetracycline in order to inhibit growth of the wild 
type EPS. The tetracycline concentration for inhibition of 
wild type in 5.0 g/L YE broth is also 50 pg/mL. In order 
to inhibit wild type EPS, 5.0 g/L YE agar plates must 
contain at least 50 pg/mL kanamycin and 5.0 g/L nutrient 
broths 25 pg/mL.
Growth Rates in Different Nutrient Media
Since EPS was cultured from the soil, a few 
experiments to determine the most efficient media to grow 
the bacteria in were necessary. Experiments to determine 
what nutrient media the bacteria could be grown in and the 
doubling times yielded the result of a LB doubling time of 
10.9h and a 5g./L YE of 3.2h (Figure 2).
Demonstration of Electroporation as
Means to Introduce Plasmids
Since this was a new strain of V. paradoxus, it was 
necessary to explore different methods for introducing 
genetic material into the bacterial cells. EPS cultures 
were grown to an OD 595 between 0.4 and 0.5, placed for 48 
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hours in the 4°C fridge, and electroporated with 1800 volts 
yielded tetracycline resistant colonies when using the 
pBBRlMCS3 (Tetr) plasmid, which contains a broad host range 
origin of replication. Plasmid was purified from 
tetracycline resistant colonies of V. paradoxus EPS and 
identified by gel electrophoresis as pBBRlMCS3. 
Transformation efficiencies were not determined.
Selection of Mutants with Altered Colony Morphology
Previous studies in known biofilm forming bacteria had 
already shown that colony morphology was a good indication 
of biofilm formation ability, so it seemed a likely place 
to obtain mutants for further study. A subset of mutants 
that were selected for further study was based on 
observations of altered colony morphology (Table 2). The 
shapes of the colonies selected included egg, a 
concentration of cells with a clear zone of growth around 
them, tendril, extensions from the colony that appear as 
finger-like projections, uneven, the way the colony spread 
was biased toward one direction versus the others, thin, 
the colony appeared to have few cells but had a perimeter 
of a clear substance, thick, also called no spread a colony 
with a larger concentration cells that did not appear to be 
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spreading, and rough edge, the colony's edge appeared to be 
rough or fuzzy.
Library Verification through PCR and Rescue Cloning
Using rescue cloning allowed us to both verify the 
presence of the transposon along with obtaining information 
about where it inserted into the EPS genome. Rescue clones 
have a plasmid with both the transposon and some of EPS 
genomic DNA flanking the insertion, up to the next EcoRI 
site within the EPS genome. Digestion of this plasmid with 
EcoRI and Xhol resulted in 2 fragments, one of the 
transposon, approximately 7 kb in length, and another with 
a small piece of the transposon and the V. paradoxus gene 
that the transposon was inserted into, which varys in 
length (Figure 3). To further verify the transposon 
insertion, PCR replication of the transposon using the 
primers for Tetracycline resistance was accomplished and 
provided a fragment of 1950 bases which can be seen in the 
top half of the gel (Figure 4). The bottom of the gel 
(Figure 4) was verification of no whole plasmid insertion, 
and yielded a fragment of 2040 bases in length in the pOT- 
182 control lane 9 (Figure 4).
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Library Verification through Blue White Screening
The transposon contains a promoterless lacZ gene which 
can be induced to show that the transposon is present 
within the bacteria. Plating the mutants on media 
supplemented with X-Gal and iptg yielded another 
verification of transposon insertion. The mutants, 
assuming that the transposon inserted semirandomly, 
displayed the LacZ at different times due to different 
expression times and amounts, indicating insertion into 
different genes. Also some did not display this due to 
insertion into noncoding regions. A picture of a plate was 
taken to serve as an example of ,what this will look like 
and the photograph represents a selection of mutants after 
24 or 48 hours (Figure 5). This data was also shown in a 
graph containing the number of new blue colonies seen each 
day (Figure 6).
Biofilm Screening of Mutants with 
Altered Colony Morphology
After mutants were selected for odd colony morphology 
a series of biofilm screens performed. The 
spectrophotometric biofilm levels, obtained from the 
crystal violet assays, from the first set of mutants were 
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recorded (Figures 7A-D). Out of 62 mutants picked, the 
biofilm screened yielded 33 mutants with increased biofilm 
levels (p<0.05) and 7 with decreased biofilm levels 
(p<0.05). Ones that had a significant change from the wild 
type biofilm amount were retested (Figures 8A-C). This 
yielded 14 mutants that were biofilm overproducers and 9 
that had a reduced biofilm (p<0.05). A second set of 
mutants was screened from the library in order to gain a 
more complete sample of the mutants and to use the media 
replacement after 24h in order to identify mutants that may 
lag in biofilm production or be limited by nutrient 
availability (Figures 9A-X). This biofilm screen resulted 
in 243 out of 285 mutants being significant (students Ttest 
p<0.05). There were 69 mutants with increased biofilm for 
both days, 49 for increased at 48h only, 60 for increased 
at 24h only, 19 decreased biofim for both days, 18 
decreased at 24h only, 20 decreased at 48h only, 3 going 
from increased at 24h to decreased at 48h, and 5 that went 
from decreased biofilm at 24h to increased at 48h. These 
mutants were rescreened for biofilm significance (Figures 
10A-G). When the 243 mutants were retested, only 9 mutants 
did not have a significantly altered biofilm on this
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rescreen (p<0.05). An overall summary of this experiment 
was also generated (Table 3).
Selection of Biofilm Mutants for Further Study
Given the large number of significantly altered 
biofilm mutants only some of these mutants were selected 
for further study. Mutant selection included the most 
significant increased mutants (p<0.001 on either or both 
days), ones that were significant for any reduced biofilm 
(p<0.05 on either day) or ones that switched from increased 
to decreased (p<0.05) or vise versa (p<0.05) were selected 
for attempted sequencing and further study.
Sequencing of Selected Mutants
Partial sequencing of the rescue clone plasmids 
yielded an array of genes. This nucleotide data (Appendix 
C) was analyzed using the BLASTX software from NCBI 
(Altschul et al, 1990). The mutant genes were then 
identified and named based of the sequence with the lowest 
e value scores (Table 2). The number assignment was 
arbitrary, and represents the order in which they were 
selected from the original colony morphology screen. Some 
genes were isolated from more than one mutant and these can 
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be seen in a number of independent interruptions (Table 2). 
Some of the mutants were isolations of the same insertion, 
which was determined by using the Geneious software to 
compare the sequences (Drummond et al, 2006). A number of 
the mutated genes isolated from this transposon library 
screen, included genes with homology to glycosyl 
transferease, UDP epimerases, and transporters as have been 
shown in other organisms to be involved in 
exopolysaccharide or lipopolysaccharide synthesis 
(Rocchetta et al, 1999) .
Swarming Motility Screen of Sequenced Mutants
All of the partially sequenced mutants were screened 
for their ability to swarm on FW media. Mutants that were 
selected for further study, and which had been partially 
sequenced, were grown overnight in 50% YE broth and 5 pL of 
the broth was put onto 3 spots on the FW plate. The 
diameters of the swarming growth were recorded for 24h of 
growth (Figures 11A-E) and for 48h of growth (Figures 12A- 
E). The significance was determined by comparison to wild 
type V. paradoxus EPS which was included in the assay 
during each experiment.
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Selection of Gene of Interest for 'Complementation
The wbpJ-like glycosyl transferase gene was 
interrupted multiple times (Table 2) which may suggest that1
this protein plays a key role in biofilm formation in V. 
paradoxus EPS. We selected this gene for further study. A 
complete sequence of the gene was obtained by compiling 
overlapping sequences into a contiguous sequence from the 
rescue clones of significantly altered biofilm producers 
and by using that contiguous sequence to design the 
EpiWalkSafe and CtermWalkSafe primers which were used to 
'primer walk' the rest of the gene sequence. Primers 
listed as EpiWalkSafe and CtermWalkSafe were designed using 
sequence gathered from the rescue clones of wbpJ-like 
glycosyl transferase mutants (Table 1). When combined with 
the previous sequence data the wbpJ-like glycosyl 
transferase gene sequence data also included an overlap 
into the surrounding genes, two epimerases (Figure 13).
The nucleotide sequence of the WbpJ-like glycosyl 
transferase gene was also recorded (Figure 14).
Construction of Wild Type Gene Replacement
In order to attempt to rescue the mutant phenotype, it 
was necessary to amplify a wild type copy of the gene.
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Using the primers Ctermext and Ntermext, see Table 1, a 
copy of the wild type wbpJ-like glycosyl transferase was 
produced via PCR. This fragment was transferred into a 
pGEM-Teasy vector and ligated ON. After transformation 
into DH5a, a white colony was picked off of the LB with 
ampicillinlOO pg/mL and IPTG and X-gal. The plasmid was 
purified and run out on an agarose gel. A photograph of an 
agarose gel was taken of the pMJP2 plasmid, lanes 6 and 7 
of the gel (Figure 15), as well as a digestion with Ncol 
and SacI, yielding a fragment of 2100 bp that can be seen 
in lane 2 and 3 of another gel (Figure 16). The ladder 
used was a standard Ikb ladder. The gene was also 
sequenced using the construction primers, and the resulting 
sequence matched the previously compiled sequence that 
consisted of rescue clone data and the primer walk 
sequences.
Verification of pMJP2 Presence in Mutant 86 and EPS
The pMJP2 construct was introduced into mut86 and EPS 
by electroporation. To verify the presence of the 
construct, plasmids were extracted from overnight cultures 
grown with kanamycin, digested overnight with Apal, and 
examined by running the digestion on an agarose gel (Figure
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17). The outer lanes contain a lkb standard ladder. Lanes
6 and 7 represent the undigested and digested pBBRlMCS2 
(Kanr) extracted from EPS. Lanes 2 and 3 represent the 
undigested and digested pMJP2 extracted from EPS. Lanes 8 
and 9 represent the undigested and digested pBBRlMCS2 (Kanr) 
extracted from Mutant 86. Lanes 4 and 5 represent the 
undigested and digested pMJP2 extracted from Mutant 86. 
These experiments results in Mutant 86 bacteria containing 
the pMJP2 (experimental plasmid) or pBBRlMCS2 (Kanr) 
(control plasmid) and EPS bacteria containing the pMJP2 
(experimental plasmid) or pBBRlMCS2 (Kanr) (control 
plasmid).
Biofilm Screen of Mutant 86 with
Wild Type Gene Replacement
To see if supplementation of the wild type WbpJ-like 
glycosyl transferase gene would rescue the altered biofilm 
phenotype, a series of biofilm experiments were performed 
on the mutant strains. The results of the biofilm 
experiments with the wild type gene replacement were 
recorded (Figure 18). This biofilm included a static 48 
hour culture with no media replacement, as well as the 
previously described 24 hr and 48 hr with media
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replacement. The Wild type EPS with the pMJP2 plasmid 
showed a significant increase in biofilm production when 
compared to the EPS with pBBRlMCS2 (Kanr) . Mutant 8 6 
pBBRlMCS2 (Kanr) had a significantly increased biofilm over 
that of the EPS pBBRlMCS2 (Kanr) . Mutant 86 with pMJP2 had 
significantly reduced biofilm levels from that of Mutant 86 
with pBBRlMCS2 (Kanr) . The Mutant 86 with pMJP2 also had 
significantly increased biofilm levels when compared to EPS 
with pBBRlMCS2 (Kanr) .
Swarming Screen of Mutant 86 with 
Wild Type Gene Replacement
To see if supplementation of the wild type iVbpJ-like 
glycosyl transferase gene would rescue the altered swarming 
phenotype, a series of swarming experiments were performed 
on the mutant strains. The wild type and Mutant 86 
constructs containing either the pBBRlMCS2 (Kanr) or the 
pMJP2 were tested for their swarming ability on Fresh Water 
media. The colony diameter was recorded at both the 24 hr 
and 48 hr timepoints (Figure 19). The wild type EPS with 
the pMJP2 plasmid showed an increased swarming distance 
when compared to the EPS containing the pBBRlMCS2 (Kanr) . 
The difference was significant at the 24 hr time point.
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Mutant 86 supplemented with pMJP2 also had an significant 
increase (p<0.01)in the swarming diameter from the Mutant 
86 with pBBRlMCS2 (Kanr) at 48h. Mutant 86 with the pMJP2 
also showed no significant difference from the wild type 
EPS with the pBBRlMCS2 (Kanr) at the 48h time point.
Analysis of WbpJ-like Glycosyl Transferase
In order to get a better idea of the overall protein 
structure, a comparison of the EPS WbpJ-like glycosyl 
transferase protein was conducted using sequences from 
possible orthologs found in Bordetella pertussis, 
Chromobacterium violaceum, Polaromonas napthalenivorans, 
Pseudomonas aeruginosa, and Sulfurimonas denitrificans via 
the BLASTX search (Altschul et al, 1990). According to 
HMMTOP, the WbpJ-like glycosyl transferase in V. paradoxus 
contains no transmembrane regions, which is different from 
its namesake in Pseudomonas and another ortholog in 
Sulfurimonas (Tusnady and Simon, 2001). The protein also 
showed no clear signal peptide region in SignalP, but did 
show an increase in the values at animo acid position 20. 
The other orthologs didn't contain a signal peptide region 
except for Sulfurimonas at amino acid position 21 
(Emanuelsson et al, 2007). The generalized secondary
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protein structure, or folding pattern, for each of the 
glycosyl transferase orthologs from PSIPRED was a repeating 
alpha-beta pattern (Table 4) (McGuffin et al, 2000).
Phylogenetic Analysis
To gain more information about the wbpJ-like glycosyl 
transferase gene's orgin, a phylogenetic analysis was 
conducted. The protein sequences of the different 
organisms was aligned using clustalw2 (Figure 20), and this 
alignment file was run in ProtTest to obtain the best fit 
model of evolution, blosum62 (Abascal et al, 2005; Henikoff 
and Henikoff 1992; Larkin et al, 2002). This is formation 
was used to input the data into MrBayes and generate the 
maximum likelihood tree (Figure 21) of evolution for the 
protein (Ronquist and Huelsenbeck, 2003). The same 
programs, with different settings, were applied to the 16s 
ribosomal sequences, the standard for verifying bacterial 
identity and relationships (Figure 22). The two trees 
differed in many aspects, both in branch location as well 




Colony Morphology as Means of Selecting Mutants
Our surface phenotype studies confirm previous work by 
other researchers that colony morphology is a good 
indication of biofilm production ability (Chung, 2003; 
Kirisits, 2005), is supported by this set of experiments. 
The high percentage of biofilm mutants isolated in the 
second screen and the fact that upon retest only a handful 
were not significant, seems to indicate the strength of 
using morphology as a means of uncovering potential biofilm 
production mutants. Indeed, most of the mutants selected 
were significant on one day or another during rescreening, 
but only the most extreme phenotypes relative to the wild 
type were chosen to study further. This means that there 
are more isolated mutants that could be studied for their 
potential impact on biofilms. The first screen only looked 
at biofilm formation within the first 24h (Figures 7-8), 
but the second screen was able to detect more of the 
complex changes within the biofilm amounts and was a better 
overall screen (Figures 9-10). Many more mutants were 
found to have altered biofilm levels when using the 48h
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media replacement screen, and thus more was gained from 
this screen.
Mutants with Altered Biofilm Production
and the Affected Genes
The list of genes found through these transposon 
experiments (Table 2) is by no means a comprehensive list 
of the genes that are involved in generating this complex 
surface phenotype. Previous studies have shown that there 
are many different types of genes and operons involved in 
biofilm development (Davey, 2000; Donlan, 2002). 
Disruption of each of these genes would most likely change 
the biofilm structure in a different way, but the end 
result is an altered biofilm. The genes isolated from this 
experiment are ones that are significant to V. paradoxus 
EPS and have a large effect on altering colony morphology. 
Additionally, because of the large number of mutants 
screened, and the apparent strong correlation between 
biofilm formation and overall colony morphology, only the 
most extreme mutant phenotypes were selected for further 
study. This screen was, by necessity, biased toward non- 
lethal mutations, such that genes involved in biofilm 
function, but also essential to cell propagation would not 
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be seen due to the deleterious effect of the interruption 
of that gene.
With these limitations and experimental parameters in 
mind, our discoveries still give strong evidence that some 
genes are universally important to biofilm formation and 
should be seen in a wide range of bacteria. A lot of what 
is known about biofilm formation comes from experiments 
performed with Pseudomonas aeruginosa (Hoiby 2001; O'Toole, 
2000; Sauer, 2002). Indeed the procedure for measuring 
biofilms used in this project is modified from an existing 
one used for Pseudomonas (O'Toole, 1999). Many of the 
genes isolated from this V. paradoxus experiment have 
orthologs (Figure 22) in Pseudomonas (Stover, 2000). Of 
particular interest are the UDP-glucose epimerase and the 
glycosyl transferases (Figure 22), which were isolated 
multiple times for V. paradoxus biofilm mutants (Table 2). 
They are indicated to play significant roles in preparing 
sugars for excretion (Kapitonov, 1999) and therefore would 
play a major part in the formation of the biofilm. The 
wbpJ-like glycosyl transferase in V. paradoxus is located 
between 2 epimerases (Figure 13). This pattern has been 
seen within Pseudomonas studies of know biofilm production 
operons (Stover, 2000) . Once the entire genome of V".
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paradoxus EPS is sequenced, this project will be used as a 
starting point for further identification of biofilm 
production genes. Once the genome is sequenced, our work 
will help to give insight into the significance of each of 
these genes.
Swarming Motility in Known Biofilm Production Mutants
Biofilm production and swarming motility are two 
distinct and complex phenotypes, which represent two 
different modes of growth of the bacteria. Swarming 
appears to be a means of moving out of or within an 
environment in order to find new nutrient sources, while 
biofilm formation provides the bacteria with the ability to 
create a structured, stationary matrix that the bacteria 
can use to maximize their resource gathering and 
replication potential (Deziel, 2001). A majority of the 
biofilm mutants isolated in this experiment showed altered 
colony diameter indicating an alteration to their ability 
to swarm (Figures 11-12). Some of these mutants followed 
the inverse swarming behavior pattern seen in Pseudomonas 
aeruginosa (Caiazza, 2007), while many appeared to have 
both increased biofilm and increased swarming. The lack of 
a distinct disadvantage between swarming motility and 
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biofilm formation shows us that there are many different 
genes that have complex interactions, any of which can 
affect different aspects of the biofilm formation. It 
could also mean that these genes have multiple functions 
within the cell, such as regulation of gene experession, 
and that there may be more that one system in place for 
regulating the production of a biofilm. The differences 
for these observations may also be due to the polar 
effects, interruption of gene expression downstream from 
the transposon insertion, caused by the large fragment of 
DNA added by the transposon. Polar effects cannot be 
rescued by addition of the gene in trans, as this gene 
would not actually be the cause of the altered phenotype. 
To better negate the effects of the transposon, it could be 
useful to construct directed delection mutants, by knocking 
out the genes of interested with a removeable marker.
These constructs could also lead to a better comprehension 
of how the genes within a particular operon work with one 
another.
There were many mutants that were found to have both 
an impact on swarming and biofilm formation. While the 
wbpJ-like glycosyl transferase was isolated numerous times 
(Table 2), implicating its significant role in the biofilm 
61
phenotype formation, others will be interesting to study 
further in the future. These include the genes on either 
side of the wbpJ-like glycosyl transferease, the UDP 
epimerases which most likely work with the glycosyl 
transferease to prepared long sugar chains for introduction 
into the EPS matrix. Another gene that may be persued 
further is the pilYl gene. This gene was isolated several 
times and seems to play a role within the biofilm 
formation. Another mutant of interest due to its complete 
loss of swarming motility was a mutation within the 
periplasmic sensor histadine kinase. A mutation within a 
gene presumably responsible for cellular communication or 
detecting conditions outside of the cell, suggests that 
swarming and biofilm formation are very dependent on the 
bacterial growth environment (De Kievit, 2001). The 
histadine kinase mutant would not spread out on the plate, 
no longer how long it was left. It is an interesting 
finding that is worthy of future research.
Glycosyl Transferase and its Role 
in Biofilms and Swarming
The whpJ-like glycosyl transferase gene in V. 
paradoxus EPS plays an important role in biofilm formation.
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It was isolated 11 times in mutants with sustained, 
increased biofilm production ability, showing that it plays 
an important role in forming the colony morphology 
associated with increased biofilm production (Table 2). 
Each of these insertions was a unique insertion at a 
different location within the gene. Glycosyl transferases 
are responsible for assembling sugar monomers into 
polymers. They additionally have been found to help form 
glycoproteins and lipopolysaccharides (Kapitonov, 1999). 
The increased amount of biofilm present within mutants of 
this gene, may be due to a shift of the various biofilm 
components, from a majority of exopolysaccharides to a 
different type, such as lipopolysaccharides. It could also 
be a result of nonspecific, or scalable, polysaccharide 
production. The exact role that they play within V". 
paradoxus EPS is not yet known, but could be discovered 
with further research and knowledge of the surrounding 
genes.
The mutants within the glycosyl transferase also had 
altered swarming ability. They were similar to the results 
that in the previous study that showed an inverse 
relationship between biofilm production and swarming 
(Caiazza, 2007). In every case they either had the same 
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level as the wild type or were decreased by a significant 
amount (Table 2). It is difficult to make a generalization 
that stands up for all of the genes in V. paradoxus, 
because some saw a positive correlation, such as 
aminotransferases and the tetR gene, and others were 
negatively correlated, such as the wbpJ-like glycosyl 
transferase or the UDP-glucose epimerase, when it came to 
biofilm production and swarming ability (Table 2). Within 
the wbpJ-like glycosyl transferase mutants, all of the 
mutants had a decreased swarming phenotype. In some cases, 
it was not considered significantly different from the wild 
type swarming. Again, the exact role that the wbpJ-like 
glycosyl transferase playes within swarming motility is not 
known at this time. More analysis would be necessary to 
assess the gene's exact role within this phenotype.
A lot of work was done with mutant 86, a mutant within 
the glycosyl transferase gene. It was found to have 
greater biofilm production amounts that were significantly 
more than the wild type. It was found, through the 
complementation experiments, that the wild type phenotype 
could be restored (Figure 17). Both the biofilm production 
and swarming diameter were restored to levels comparable to 
wild type (Figure 17-18). The increase in biofilm can be 
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explained through the selection for kanamycin resistance, 
which would favor bacteria with multiple copies of the 
pMJP2 construct, thus multiple copies of the wild type 
WbpJ-like glycosyl transferase. This could mean that there 
was an excess amount of the protein as compared to the 
levels within the wild type. Swarming diameter was greater 
than that of the wild type with the control plasmid, 
pBBRlMCS2, which might be explained by the gene copy number 
in this strain. Also the expression of the protein in the 
complemented cells is no longer under the control of the 
normal operon it is usually found in, so this may cause an 
increase in transcription as well. It may be a good course 
for future work to include both an anlaysis of the amount 
of protein seen within the wild type and the constructs as 
well as some sort of gene expression analysis, such as RT- 
PCR.
Analysis of the Structure of the 
WbpJ-like Glycosyl Transferase
The structure of the glycosyl transferase gene can 
give us more information, but is inconclusive on its exact 
function or location within the cell. The WbpJ-like 
glycosyl transferase protein in V. paradoxus EPS lacks an 
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apparent transmembrane region, indicating that it is not 
imbedded within the cell wall. By contrast, the WbpJ 
protein in P. aeruginosa contains 3 different transmembrane 
regions (Table 4). This could mean that its functional 
location of the Variovorax protein is within the cytoplasm 
or that the protein is excreted to the periplasmic space. 
The fact that there is a region that could possibly be a 
signal peptide may then favor the periplasm as the site of 
action, because signal peptides are sometimes an indication 
for either excreted proteins or membrane bound proteins 
(Kuipers, 2006). This region was not significant enough to 
be a definite signal peptide by the signalP program, but it 
does an increased value, below the significance required to 
declare the region a signal peptide by the program, around 
amino acid 20 which is where the signal peptide site is for 
Sulfurimonas (Emanuelsson et al, 2007). This may mean that 
glycosyl transferase export relies on a signaling pathway 
in V. paradoxus that has not been characterized or that its 
site of action is within the cytoplasm. The secondary 
structure of the proteins is similar enough that it may be 
possible that they are directly related or that the 
structure is efficient enough to have been evolved multiple 
times.
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A comparison of the two phylogenetic trees, comparing 
the evolution of the 16s ribosome sequence and the WbpJ- 
like glycosyl transferase orthologs reveals that the two 
genes did not follow the same evolutionary model (Figure 
20-21). Since the 16s sequence is commonly used to 
determine bacteria identity, it is probably the more 
accurate tree for how the organisms are related. This 
could mean a number of different things when it comes to 
the glycosyl transferases. It is possible that there is 
strong selection pressure on the gene or that selection 
processes acting on the glycosyl transferase gene are 
different from those acting on the 16s ribosome. The 
glycosyl transferase gene can often be found multiple times 
within a genome (Stover, 2000) so this could also affect 
its evolutionary clock. This gene may also have 
experienced horizontal transfer within the soil microbe 
community. More work would be needed to determine which of 
these hypotheses are correct.
Conclusions and Possible Future Research
All of these experiments point to the fact that the 
WbpJ-like glycosyl transferase found in V. paradoxus EPS 
plays a significant role in formation of the two phenotypes 
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of interest, biofilm formation and swarming motility. It 
also validated the colony morphology and biofilm screening 
techniques employed in this lab. The experiment has 
generated a library of mutants that can be rescreened to 
find other mutants of interest. Together with the genomic 
data that will be obtained in the future, it may be 
possible to determine even more based on the interruptions 
of certain operons. More work needs to be done to isolate 
the exact role that this important gene plays within each 
complex phenotype. Some experimentation into the cell 
biology could be done, such as location of the enzyme, 
function, and active sites within the protein. A directed 
deletion construct, to negate polar effects on surrounding 
genes, would be useful as well as a more in depth protein 
structure analysis. A complementation analysis should be 
done with the other mutants this screen revealed in order 
to prove their role within the phenotypes. It would also 
benefit this study to have gene expression and protein 
level studies for effects of providing the gene in trans.
To delve even deeper into the action of the protein, point 
mutations within different regions of the glycosyl 
transferase could help to determine its catalytic sites, as 
well as possible signal peptide sites. V. paradoxus EPS
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has much potential for continuing research along a variety 
of different avenues and will hopefully lead to a greater 
knowledge of how this organism forms these complex 





Figure 1. Functional diagram of the pOT182 plasmid 
containing the Tn5 transposon.
http://aillnet:lab:hla.ac.ipA-cvector/map/pdT182.gif
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Figure 2. This is a graph showing the relative growth rates 
of wildtype EPS in different media. Doubling times are 
3.2h in Ye and 10.9h in LB.
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Figure 3. Digestion rescue clone plasmid with EcoRI and 







is a section of the 
Lane9 is pOT182 and
Top half is the transposon 
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Lane 10.











Figure 6. Graph of the new blue colonies as measured per 
day after plating mutants on x-Gal plates. Column one is 
8 and column two is 10’9.
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Figure 7A-D. Graphical representation of data from 96 well 
biofilm plate experiment.' Plates were grown for 24h then 
washed and stained with crystal violet. The crystal violet 


















Figures 8A-C. This is a retest of the 96 well biofilm 
plate experiment to verify significance. Plates were grown 
for 24h then washed and stained with crystal violet. The 
crystal violet was resolubilized and place into a fresh 96 







Figures 9A-X. These are 96 well biofilm growth experiments 
conducted on a screen of a 2nd set of mutants. The two 
columns represent 24h and 48h of growth. The plates were 
grown for 24h then one set was stained while the other 

































































































































Figures 10A-G. These are 96 well biofilm growth retest 
experiments conducted on a screen of a 2nd set of mutants. 
These are to ensure significance and repeatability. The 
two columns represent 24h and 48h of growth. The plates 
were grown for 24h then one set was stained while the other 














































Figure 11A-E. Swarming colony diameters after 24h for the 
sequenced mutants. Control is labeled WT for wild type 







Figure 12A-E. Swarming colony diameters after 48h for the 
sequenced mutants. Control is labeled WT for wild type 







Figure 13. Arrangement of the genes surrounding the WbpJ- 






Figure 14. WbpJ-like glycosyl transferase DNA sequence and 
translated translated protein below from V. paradoxus EPS. 
Figure courtesy of OrfFinder at
http://www.ncbi.nlm.nih.gov/gorf/gorf.html
1 atgcgtattgaaaaaaccg-tttggatcataaatcattatgcgagc
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991 t cggqaaagccgat Ct tgcactcatt ct-cgggtgcggq cqatqtt 
3GKPILH3F3GAGDV 
1026 gttqagaagtttgaaatgggattaaccgttccagccgaggactcg
VEK F E W G 1 T V PAED3 
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HAVAQAII.KI.YQ'M P3 
1126 stag atcgcgaaaaattqggggcaaacgggcgtcgatatgtattg 
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1216 atctgcaaaqcgtag 1220
I c k a. ■*  ’
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Figure 15. Picture of agarose gel. Lanes 3 and 8 have 1 
kb ladder. Lane 4 in undigested pBBRMCSS -kan. Lane 5 is 
pBBRMCSS -kan linearized with Apal. Lane 6 is undigested 
pMJP2. Lane 7 is pMJP2 linearized with Apal.
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Figure 16. Agarose gel of double digestion of pMJP2 
construct with Ncol and SacI seen in lane 2 and 3. Lane 4 
is a 1 kb ladder.
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Picture of agarose gel. Lanes 1 and 12 are lkb
Lane 2 is undigested pMJP2 extracted from wild 
Lane 3 is pMJP2 from wild type EPS linearized 
Lane 4 is undigested mMJP2 extracted from 
Lane 5 is mMJP from Mutant 86 linearized with








Lane 7 is mMJP2 from1 Mutant 86 linearized with Apal.
8 is undigested pBBRMCS5 - kan extracted from Mutant 86.









Figure 18. Graph of 595 absorbance of the 96 well biofilm 
growth experiment. This is a test of the complementation 
in Mutant 86 with a wild type copy of the WbpJ-like 
glycosyl transferase.
Figure 19. Graph of swarming diameter on Fresh Water media. 
This is a test of the complementation. Media was 
supplemented with 25 pg/mL Kanamycin. The 48hr points had 
the growth media replaced after 24 hrs.
. Colony Diameter
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Figure 20. A clustalw2 allignment file comparison of 
orthologous' proteins to the WbpJ-like glycosyl transferase 
(listed as Gtwt).
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Figure 21, Phylogenetic tree output of the 16s sequences of
Figure 22. Phylogenetic tree output of the WbpJ-like 







---------------- too _____________________________________________________________________________________________Pseudomonas 
aeruginosa




o.i deni trificans 
112
Figure 23. Genes seen in Pseudomonas which are responsible 
for exopolysaccharide production.
Regions potentially involved in synthesis of 
extracellular polysaccharides
1. PA1381 -1393: Region with low G+C content encodes enzymes likely





Table 1. List of PCR primers and there shorthand names 
used during this project
Primer Name Primer Sequence Description
27f 5'-AGAGTTTGATCMTGGCTCAG-3' 16s sequence
1492R 5'-ACGGGCGGTGTGTRC-3' 16s sequence
Tetr 5'-TGTATGCGTTGGTGCAATTT-3' Transposon 
insertion 
verification
Teta 5'- GAAGGCAAGCAGGATGTAGC-3' Transposon 
insertion 
verification
OT1821eft 5'- GCTTCCTAATGCAGGAGTCG-3f Plasmid 
insertion 
verification
OT182right 5'- GGACGCGATGGATATGTTCT-3' Plasmid 
insertion 
verification



















the C terminus 
end of the 
gene
































440 bp from 
nterminus 
start of gene
Table 2. List of mutant numbers, genes interrupted in the 
mutant, biofilm levels, swarming motility, and colony 
morphology at time of selection.’
Mutant 





189 16s ribosomal sequence Increased Same as WT Solid













110 deguanylate cyclase Decreased Same as WT Egg
92
EpsB/exopolysaccharide 




membrane protein Increased Decreased Solid
41
Glycerol-3-phospate 
transporter Increased Same as WT
Spread
Uneven























































WbpJ Increased Same as WT Egg
205 Hypothetical Protein None Same as WT Solid
66
Hypothetical














Acid Transporter Increased Solid










histidine kinase Increased No Swarming Mucoidy









Protein Increased Same as WT Solid
119
Sugar




















Transport Decreased Decreased Tendril
39st
Transport Protein 
Membrane Bound Decreased Decreased Egg
4


































epimerase Increased Same as WT Uneven
153
UDP-glucose 4- 
epimerase Increased Same as WT Ghost
187
UDP-glucose 4- 
epimerase Increased Same as WT Thin












Y Increased Decreased Egg
26st
Unk due to no genomic
DNA in digest Decreased Same as WT Egg
210
Unknown Possible Inner 




Table 3. Breakdown of the 2nd biofilm mutant screen, which 
contains the number of each type of biofilm change.
Biofilm Type Number of mutants
Increased 24h and 48h 69
Increased 48h 49
Increased 24h 60
Decreased 24h and 48h 19
Decreased 48h 20
Decreased 24h 18
Increase 24h/Decrease 48h 3
Decrease 24h/Increase 48h 5
Total 243
Number after retest that 
were not significant
9
Table 4. Results of the protein analysis of the WbpJ-like 
glycosyl transferase and 5 other possible orthologs. The 








paradoxus EPS Alpha-Beta No 0
Bordetella 
pertussis Alpha-Beta No 0
Chromobacterium 
violaceum Alpha-Beta No 0
Psuedomonas 
aeruginosa Alpha-Beta No 3
Polaromonas 
napthalenivorans Alpha-Beta No 0
Sulfurimonas 





These are the nucleotide sequences used during this, 
proj ect.
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